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AERONAUKCCS

WIND-TUNNELINVESTIGATIONOFTHEEFFECTSOFLIPGEOMETRY

ONDRAGANDPRESSURERECOVERYOFA NORMAL-SHOCKNOSE

INLETONA BODYOFREVOLUTIONAT

OF 1.41AND1.81

ByA.WsrnerRobins

sumARY

MACHNTMBERS

A wind-tunnelinvestigationhasbeenmadeto determinesomeofthe
effectsoflipgeometryondragandpressurerecoveryofa normal-shock
noseinlet.Total-pressurerecoveries,externaldrags,ducttotal-
pressuredistributions,lipandforebodypressuredistributions,snd
schlierenphotographssrepresented.ThemodelsweretestedatMach
numbersof1.41and1.81withtheReynoldsnumbervaryingfrom1.2x 106
to 1.8x 106basedonmodelmaximumdiameter.Angleof attackwasvaried
from-~oto 150.

Theresultsindicatethattheeffectsof lipbluntingon external
tiagat supersonicspeedssrelsrge.Outwsrdlipcamberincreasesthe
uniformityofducttotal-pressuredistributionsoverthosefortheinward-
csmberedlim butshowedhigherspills$xedrags.Thefyebodyhalf-angle
hasa large-effectonexte&al&a&j,=he10°
urationwithshsrplipshowingapproximately
parable5°configuration.

INTRODUCTION

Previousresesrch(refs.1 end2) shows

hsM-sngle forebodyconfig-
twicethedragofthecom-

that,fornormal-shocknose-
inlets,anadvantsgeinexternaldragisobtainedwiththeuseof sharp
inletlips.References3 to 7,however,showsubstantialperformance
lossesduetothepoortiternal-flowcharacteristicsof shsrp-lippedcon-
figurationsatlowspeedsandathigh-angle-of-attackoperationup to
transonicspeeds.Therefore,considerableknowledgeoftheeffectsof
lipgeometryondrag,pressurerecovery,sndengine-facetotal-pressure
profilesisrequiredinordertomakea rationslchoiceindesign.

.
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Sincepreviousinvestigationshavebeeninsufficientlysystematicto ●

satisfythisrequirement,a JointprogremwasundertakenattheLsngley
8-foottransonicandtheLangley4-byh-footsupersonicpressuretunnels
to determinesomeoftheeffectsof inlet-lipgeometryondragandpres- .
surerecoveryattransoni.candsupersonicspeeds.Reference8 presents
theresultsforthetransonicrange,endthepresentpaperpresentsthose
forMachnumbersof1.41andI.&l.

Thispaperpresentsdrag,ducttotalpressures,andlipandforebody
pressuresonmodelshavinga systematicvariationinlipbluntnessand
,lipcamberforsnglesofattackfrom-5°to 15°andforReynoldsnumbers,
basedonmodeldiameter,from1.2x 106to 1.8x 106.
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SYMBOLS

cross-sectionalarea

fuselagemaximumcross-sectionalsxea

lip-profile

lip-profile

lip-profile

axialdimension(fig.4)

radialdimension(fig.4)

station(fig.4)

lip-bluntness

external-drag
erence8)

parsmeter

coefficient(basedon Af md definedinref-

P - Popressurecoefficient,—
%

bodymaximumdiameter

distancefromlip

strain-gageexial

totalpressure

leadingedgetomodelaxis(fig.4)

force

averagetotal

Machnumber

pressure
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internalmass-flowrate

mass-flowratio,

lipleading-edge

staticpressure

dynsmicpressure

n
PO%A1

station

inletminimumradius

velocity

distance
(X=o
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angleof

massah

Subscripts:
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attackofmodel

density
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to tiletlip
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venturirakestation
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strain-gagechsmber
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maximum
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3

body,positivedownstream
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Alltotal-pressuredataareshownwithoutsubscriptandaremeasured .
atthepressure-recoveryrakestation.(Seefig.1.)

*

MODELSANDTESTS

Models

Thelayoutofthemodelsisshowninfigure1. Theductmea dis-
tributionisshownh figure2. b orderto accormnodatethetistrumenta-
tionrequired,twotiterchangeablecentral.bodieswereemployed;onewas
rigidlyconnectedtothestingandcontainedthepressureinstrmnentation~
andtheotherwasconnectedthrougha strati-gagebalanceandprovided
fordragmeasurements.Bothcentralbodiescouldbe fittedwiththesame
afterbodyandwitheitherofthetwoforebodies.An exitplugshownin
figure1 wasprovidedformass-flowcontrol.

Thetwoforebodyassemblies,noses1 and2,hadsoand10°half-
engles,respectively.Photographsoftheseforebodiesandtheirinter-
changeablenosepiecessreshowninfigure3.

Figure4 showstheinlet-lipvariationstested.Theordinatesfor
theselipsmaybefoundintableI. Thelipsof configurationsIAto lE
weregeneratedby 2.5:1ellipsesandmakeup a seriesinwhichbluntness
isprogressivelyvaried.Thebluntnessparameterusedinthispaperas
wellasthatusedinreference8 2b/R istheratioofthelengthofthe
minordisamterofthelip-generatingellipsetotheinletminimumradius.
It shouldbenotedthata changeinforebodyfinenessratioisnecessarily
producedby a changeh lipbluntness.

LipslC,lG,andlH comprisea lip-camberseriesinwhichlipblunt-
nessremainsapproxhnatelythesame.LipN hasa circulargeneratrix
andhasitsleadingedgeatthessmeaxialstationas lipslC,n+,andl.1+.

Lips2Aand2Bhavethessmedegreeoflipbluntnessas lipslA
andlC,respectively,butaremountedon10°half-angleforebodies.

Instrumentation

Thepressuremodelwasfittedwithtwosetsof internalsurveyrakes
as showninfigure1. Theforwardrakesystemprovidedforthemeasure-
mentoftheducttotal-pressuredatapresented,whereastherearrakes,
locatedh theventuri,wereusedformass-flowmeasurement.Eachmodel
wasprovidedwitha rowoforificesextendingfromwithintheinletat
thebeginningofthecurveoftheinletlip,aroundthelipprofile
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(exceptIAand2A),ad alongthesurfaceofthemodelforebody.These
orificeswerelocatedintheangle-of-attackplaneontheuppersurfaces.
Base-pressuremeasurementsweremadeonthesnnulusatthemodelexitsmd
h theventuridunpsection.

.
Theforce-modelinstrumentationdidnotprovideforpressuremeas-

urementattheforwardrskestationalthoughtheforwardrakeassembly
remainedwithinthemodelthroughouttheforcetests.Theresrrake
assemblyandtheventuri-dumporifices,whichweresting-mounted,were
usedas inthepressuremodel.A strain-gagebalance,locatedas shown
infigure1,providedfordragmeasurements.Additional-base-press~e
measurementsweremadeinthebalancechsmber.

TestConditions

Thetestconditionsforthepressuremodelswereasfollows:

Machnumbers.. . . . . . . . . . . . . . . . . . . . . 1.41andl.81
Reynoldsnumbersbasedonmckielmsximumdismeter:
At~=l.41. . . . . . . . . . . . . . . . . . . . . . . 1.8x106
At~=l.81. . . . . . . . . . . . . . . . . . = . . . . 1.6x 106

St_tionpressure,atm. . . . . . . . . . . . . . . . . . . . .0.95
Stagnationtemperature,‘F. . . . . . . . . . . . . . . . . . . . 100

Thetestconditionsfortheforcemodelssx’easfollows:

Machnumbers.. . . . . . . . . . . . . . . . . . . . . 1.41andl.81
Remoldsnumbersbasedonmodelmaximumdiameter: .
itMo=l.41 . . . . . . . .
At~=l.81 . . . . . . . .

E%qgationpressure,atm. . .
Stagnationtemperature,‘F . .

Boundary-layertransition
stripof Carborundumgrainsin
ofthelipleadingedge.

. ...* . . . . . . . . . . 1.4X lob

. . . . . . . . . . . . . . . 1.2X 106

. . . . . . . . . . . . . . . . . . 0.75

. . . . . . . . . . . . . . . . . . 100

wasfixedforeachconfigurationby a
shellacencirclingthemodel1 inchback

RXSULTSANDDISCUSSION

PresentationofResults

Forthepurposeofmoreclesrlyvisualizingtheinletoperating
conditions,a keyfigurewitha systemof symbolsas shownnearthetop
offigure5 isusedasa guideforfigures6 to I-2and16to 18. Three
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operatingconditionsandtheirsymbolsareshowninfigure5 asfollows:
supersonicflowjustbackofthethroatcorrespondingto therangeindi- .

catedbythecircularsymbolsinthekey;sonic-throatflowwithoutsuper-
sonicflowbackofthethroatcorrespondingtothesquaresymbols;and
subsonic-throatflowcorrespondhgtotherangeindicatedby thediamond

.

andtrianglesymbols.Theseveralsymbols(diemond,triangle,and
fnvertedtriangle)areusedtomoreexplicitlyidentifytheportionof
thesubsonic-throatremgeconsidered.Identificationbyactualvalue of
mass-flowratioisnotmadeonthekeyedfiguressinceidenticalvalues
ofmass-flowratiofordifferentconfigurationsdonotnecessarilycor-
respondtothesameinletoperatingconditions.Thisconditionisa
“resultoftheuseof inletminimumarea (sane forallconfigurations)in
mass-flowratiocalculationsinsteadofactualcaptureareawhichvaries
frommodeltomodeldependinguponthedegreeoflipbluntnessor csmber.
Forexsznple,at supersonicspeedsa mass-flowratioof1.0forconfigura-
tionIX (bluntlip)wouldcorrespondto subsonicflowfntheinletthroat,
anditwouldcorrespondtoa choked-throatconditioninconfigurationlA
(sharplip).Inadditiontothefigurekeyswhichserveonlyasa quali-
tativeguide,numericalvaluesofmassflowandaveragetotal-pressure
recoveryarepresentedintable11.

DragdataareavailableforallconfigurationsatbothMachnumbers
1.41and1.81.Notallconfigurationsweretestedaspressuremodels,
however,sothata completesetofdataisavailableonlyforconfigura-
tionslA,lC,lE,lG,lH,and2B. Thefiguresaredividedintoseveral
groupsaccordimgto thetypeofdatapresented.

Figure6 showsthepressuxedistributionalongtheforebodesfor
alltheconfigurationstestedaspressuremodels.b figure7,pressure
distributionsaroundthelipsectionstitheangle-of-attackplanefor
configurationsvaryinginlipbluntness(configurationsIA,lC,andlE)
arepresented.Exceptfor5°angle-of-attackconditions,datafor
upperlipsectionsonlysreshown.Thepressuredistributionsonthe
lowerlipinthefiguresfor5°angleofattackwereactuallyobtained
frommeasurementsontheupperlipsat -5°angleofattack.Thecorre-
spondingforebodypressuredistributions,however,arepresentedinfig-
ue 6 as -5°angle-of-attackdataandwe solistedintable11. The
ssmetypeofpresentationismadeinfigures8 and9 inwhichdatafor
configurationsvexyinginlipcamber(configurationslG,lC,andIH),
andconfigurationsvaryinginforebodyhalf-emgle(configurationslC
andZ?B),respectively,arepresented.Lippressurecoefficientsat
anglesofattackof0°,5°,10°,and15°endMachnumbersof1.41and
1.81me presented.

Figures10,11,and12 showschlierenphotographs
theinletat0° angleofattackandatMachnumbersof
Thephotographs.offig~e 10,~eOf.CO~@ations ~>.

.. . . .. ...... .... . . ...... . ,s. ,.

ofthefiowat
1.41andl.81.
lC,-ad ~ which
,.
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veryb lipbluntness.Theconfigurationsvaryinlipcsmber(conf@ura-
tionslG,lC,endlH)infigure11. FigureU showsschlierenphotographs
oftwosetsof configurationswhichvaryinforebodyhalf-angle,oneset
withsharp Inlet-Ups (configurateionsIAend2A),andenotherwithmod-
eratelybluntedlips(configurationslC end2.B).

Figures13,14,snd15 showaveragetotal-pressure-recoveryresults
andexternaldrsgcoefficientsforvsxiousanglesofattackendMachnum-
bersof1.41and1.81. Infigures16,17,and18srepresentedthetotal-
pressurecontoursatthepressure-recoveryrake(seefig.1) as seen
lookingdownstream.DataforvariousanglesofattackandMachnumbers
of1.41snd1.81areshown.Figures19and20 sumtnarizethebags atan
angleofattackof0° forseveralconfigurationsattransonic(ref.8)
andsupersonicspeeds.

DiscussionofResults

Suface-pressuredistributions.-Forthemodelstested,lipbluntness,
lipcsmber,mass-flowrate,sndMachnumberappearto havelittleorno
effectonthepressuredistributions(fig.6)backofa pointapproxi-
mately1* tiletdismetersfrcmtheinletlip.

Averagetotal-pressurerecoveriesanddrags.-Figure13presents
averagetotal-pressuxerecoveriesforconfigurationsIA,lC,endlJZand
externaldrsgcoefficientsforconfigurationsIA,IB,lC,lD,and~.
At bothMachnumbers1.41and1.81,theaveragetotal-pressurerecoveries
oftheseconfigurations(IA,lC,sndlE)werenotappreciablydifferent
slthoughmaximummassflowsforthebluntlipsweregreaterthanthose
fortheshsrp-lipconfiguration,especiallyat a Machnumberof1.81.
Externaldragcoefficientssreseento varywithlipbluntness,although
thevariationofexternaldragwithmassflowwasgenerallyverysimilar
forslltheseconfigurations.

Figure14presentsaversgetotsl-pressurerecoveriesandexternal
drsgcoefficientsfortheconfigurationsverylngh lipcamber(configura-
tionslG,lC,andlH). In sildition,dragdataforconfiguration~, the
lipofwhichhada circulsrgeneratrix,ispresented.Averegetotal-
pressurerecoverieswereapproximatelythesamefortheconfigurations
ofthelip-csmberseries(lG,lC,endM) exceptatthehigheranglesof
attackwherea reductionwasfoundfortheconfigurationwiththeinwerd-
csmberedlip(lG).Externaldregsfortheseconfigurationswereapproxi-
matelythessmeatmaximummessflows,configurationlGgenerallyexhib-
itingthelowestspi.llsgedrag.

Theaveragetotal-pressurerecoveriesforconfigurations1A,lC,
and2B,andtheexternaldragcoefficientsof configurationsIA,lC,2A,

-, .

-..
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and2Barepresentedh figure17. Theseconfigurationsveryinfore-
bodyhalf-angleaswellas inlipbluutness,configurationsIAand2A
beingsharp-lipinletsandconfigurationslCand2Bhavingtheseine
degreeofmoderatebluntness.Averagetotal-pressurerecoveriesfor
configurationslCand26areapproximatelytheseineforalltestcon-
ditions.Thedregpenaltydueto lipbluntingforboththe50and10°
configurationswasappreciable.

Itwillbenotedthat,forallconfigurationstested,averagetotal-
pressurerecoverieswerewithin1 percentoffree-streamPitotpressures
atthelowestmassflowsand,exceptfortheshsrp-lipandinward-csmbered-
lipconfigurations,thesevaluesofrecoverywereapproximatedatangles
ofattackof0° and5°up tomassflowsnearchoking.Inaddition,it
shouldbenotedthatvaluesofmass-flowratiothroughoutthepaperare
erroneouslyhigh.Notee$pecial~thevaluesforconfigurationIAwhere
themaximummass-flowratioshouldnotexceedunity.Theseerrorsme
associatedwiththeuseofanarea-weightingmethodof calculating
internal-flowpropertiesasreportedinreference9.

Ducttotal-pressurecontours.-Total-pressurecontoursforsomeof
theconfigurationsInthelip-bluntnessseries(configurationsIA,lC,
andlJZ)arepresentedinfigure16 intheformofcontQurplots.The
sharp-lipconfiguration(configurationIA)showedlessuniformdistrib-
utionsthaneithertheconfigurationwiththemoderatelybluntedlip
(configurationlC)ortheconfigurationwiththegreatestlipbluntness
(confQmrationIE)athighmass-flowratesendatthehigheranglesof
attack.Thetotal-pressuredistributionsfortheconfigurationwith
maximumlipbluntnessdidnotappeartobemoreuniformthu thosefor
theconfiguratiawithmoderatelipbluntness.

Figure17presentsducttotal-pressuredistributionsforthelip-
cemberseries(configurationslG,lC,andlH). Formassflowsatwhich
theflowattheinletthroatisnearsonicandforanglesofattackof
10°andl~”,theconfigurationwithinwardlipcember(configurationlG)
showedmuchpoorerdistributionsthaneithertheuncambered-lipconfigu-
rationortheconfigurationwithoutwsrdcamber.Thetotal-pressuredis-
tributionsfortheconfigurationwithoutward-cemberedlips(configura-
tionlH)didnot,however,appeartobemoreuniformthanthoseforthe
configurationwithoutlipcember(configurationlC)at M = 1.41 but
didexhibitmoreuniformityat M = 1.81.

Total-pressuredistributionsforconfigurationslCand2Bwhichhad
theseinelipbluntnessbutforebodyhalf-anglesof5°and10°,respec-
tively,arepresentedinfiguxe18. Thedifferencesintotal-pressure
distributionsxesmallbetweenthetwoconfigurations,configurationlC
showingslightlymoreuniformdistributionat M = 1.41.
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willbenotedthatforellconfigurationstested,withtheexcep-
configurationsM andlG,ducttotal-pressuredistributionswere

generallygo= whencomparedwiththoseof sc&p inletsor externalcom-
pressioninlets.

Y agresults.-Figure19presentsa compilationof zero
t~~ ?tierti-dragcoefficientsfromreference8 sndpresent

datafortheconfigurationsinthelip-bluntnessseriesformassflows
producingnear-sonicflowintheinletthroats.ficmllachnumber1.0
upwsrd,dragpenaltiesassociatedwithlipbluntinggenerallybecome
increasinglylargeuntilata Machnumberof1.81,forexample,thedreg
ofthemostbluntconfigurationisover250percentofthedragofthe
shsxp-lipconfiguration.Thisdragcomparison,however,isunfairto
theconfigurationswithlipbluntness,since,as isseeninfigure13,
theflowcapacitiesofthenoseinletswithbluntlipsweregreaterthan
thoseforthesharp-lipconfigurationsat supersonicspeeds.Thiseffect
wasmostpronouncedat a Machnumberof 1.81. (Seefig.13(b).) If the
inletopeningsweresizedsoastoproducea lip-bluntnessserieshaving
equalflowcapacity,themtiimumsreasoftheinletswoulddecreasewith
increastiglipbluntnessandthedragincrementsdueto lipbluntness
wouldbepsrtlallycompensatedforby thelowerbag ofthesmallerinlet.
Thissystemof sizingwouldresultina faircomparisonat a particular
Machnumbersndatthemsximumflowcapacitiesofeachoftheinletsin
thebluntnessseriesbutwouldreqpiredatafora seriesof inletshaving
thesameratiooftruecapturesreatomsximumfrontal.srea. Theexternal
&ag coefficientsoffigure19havethereforebeenadjustedaccordingly.
Theseadjustmentsinvolvedneglectingthedifferenceinskin-friction
dragbetweenthehypotheticalbodyandthattestedandassumingthatthe
pressureson therearhalvesoftheconfigurationforebodiesofthosein
thelip-bluntnessseriescouldbe extrapolatedlinesrl.yre=ward. The
adjusteddragcoefficientwasthenwritten:

%c,adj=c%-L” +%(=-’)
where ~ istheaveragepressurecoefficientovertheresrwsrdportion

oftheconfigurationforebodyh cpestion.Theterm - 1 is,
%nsX,lA

ineffect,thepercentincreasein configurationfrontalMea required
toproducethesameratioof captureareatomsximumfrontalsreafor
theinletstestedor
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Valuesfor % forallblunt-lipconfigurationswerenotdetermined
foralJ_testconditionsandwerethereforeestimated.Theresulting
estimatedcapturesreaadidnotexceedvaluesforlimitingcontraction
fortheMachnumberconsidered.

TheadJustedandunadjustedvaluesof etiernaldragcoefficientare
plottedagainstthelip-bluntnessparameterinfigure20. Thisfigure
showsthatforsuchnormal-shocknoseinletstheoverallvariationof
externaldragwithlipblyntnesswouldbe essentiallyconstsntbetween
Machnumbersof1.4and1.8whentheinletssredesignedforthessme
flowcapacityandarecomparedat a designMachnumber.

CONCIJJSIONS

An investigationof someoftheeffectsof lipbluntness,lipcamber,
andforebodyangleonpressurerecoveriesandexternaldregsofa normal- .
shocknoseinletatvariousanglesofattackmd athch numbersof1.41
and1.81indicatesthefollowingconclusions: .

1.Theeffectsoflipbluntingonexternaldregat supersonicspeeds
werelsrge.

2.A moderatedegreeoflipbluntnessgavea moremiformtotal-
pressuredistributionthsuwasmeasuredfortheshap-lipconfiguration
athighmassflowsendhighanglesofattack.Useofa highdegreeof
lipbluntnessgaveno furtherimprovement.

3.Theconfigurationwithoutwardcsmbershowedmoreuniformduct
total-pressuredistributionsthantheinwardcemberedconfigurationbut
hadhigherspillage&ags.

4. Forebodyanglehada lsrgeeffectonexternaldragwiththe10°
half-singleconfigurationhavingapproximatelytwicetheexternaldragof
thecomparable5° configuration.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Vs.,October15,1957.

,

----
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TABLE I.-COORDINATESOF INLETLIPS

r 1KUcoordinatesareininches
L

ILpD

x

1.143
1.145
1.151
1.161
1.177
1.202
I.281

Yo

1.305
1.314
1.323
1.332
1●341
1.350
I.362

Yi

1.305
1.296
I.287
1.278
1.269
1.260
L 250

Dimensions

StationN 1.143
StationC! 1.281

.138
: .055
d 1.305

I&pID

x

3.429
3.435
3.446
3.464
3.490
3● 537
3.578
3.71J-
3.844

Yo

I.416
1.437
L459
1.480
1.ml
1.522
1.542
1.573
1.586

Dimensions

Yf.

I.416
1.395
1.373
1.352
1.331
1.310
1.2go
1.259
1.250

stationN 3.429
StationC! 3.844

.415
; .166
d 1.416

NACARML57K08

.

-1—

Lip lC

x YQ Y~

2.286 L 361 Z.361
2.292 1.384 I.338
2.316 1*4U 1.311
2.372. 1.441 1.281
2.489 I.468 1.254
2.500 1.469 1.253
2.563 1.474 1.250

Dimensions

StationN 2.286
StationC 2.563

.277
:
d 1:%1

Idp1111

x Yo Yi

4.572 1.471 1.471
4.578 1.502 1.440
4.395 1.533 1.409
4.630 1.567 1.375
4.661 1.591 1.351
4.710 L 617 1.325
4.782 1.644 I.298
4.954 1.681 1.261
5.lZ?5 I.698 1.250

Dimensions

StationN 4.572
StationC 5.125

● 553
: .221
d 1.417

.

.

.

.
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TABLE I.-COORDINATESOF INIXT~S - Cancluded

J.&l II’

x YQ Yi

2.286 1.354 1.354
?.288 1.376 1.332
~9297 1.401 1.w~
?.317 1.428 1.280
?.381 1.457 1.251
?.390 1.458 1.259

Dimensions

StationN 2.286
StationC 2.390

.104
; .104
d 1.354

LipIH

x Yo Y~

2.286 I.410 1.410
2.288 1.419 1.395
2.296 1.430 1.375
2.315 1.442 1.350
2.349 1.453 1.324
2.353 1.454 1.321
2.411 I.461 1.294
2.427 L 288
2.5U0 I.268
. 1.254
● .

*‘~’:

x

2.286
2.292
2.3=
2.336
2.3%
2.386
2.4$
2.652
2.781

I@ lG

1. 2go
1.320
1.353
1.377
1.390
1.409
1.432
1.481
1.493

Dimensions

Yi

;: z
I.263
1.255
1.252
1.250

StationN
I

2.286
d 1.290

x

1.1*
1.142
1.168
1.227
1.314
1.434

Lip233

Yo Yf

1.370 L 370
1.397 1.343
1.426 1.314
1.457 L 283
1.479 I.261

1.25Q

Dimeneione

StationN 1.134
StationC 1.434

.300
: .120
d 1.370

.
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Symbol

o
IJ
o
Av

TAELEII.- MASS-FLOWRATIOSANDPRESSURERECOVERIES

CORRESPONDINGTODATAPOINTS IN FIGURES6 TO 12

AND16TO 18

a= -5° a= 0° a=5° a = 10° a = 15°

m/mo E/Eo m/mo R/Ho m/mo E/Ho m/mo K/Ho m/mo R/Ho

k= 1.41;configurationlA

T1.04 0.9
.98

●93
*95 .94
●87

●95
.60 ■95T1.0[ 0.91

---- ----
.98 .94
●88 .94
●59 995

1.04
.98
●95
.87
.60

0.89
*93
.94
.94
●95

1.01
●95
.8
●73
.60

0.89
●93
.94
●95
●95

0.98
● 88
.84
■73
.60

O*82
.92
●93
●95
●95

MO= 1.41;configurationlC

---- ---- ---- ---- 1.06 0.93 1.01 0.93 1.02 0.90
1.07 0.92 1.07 0.93 ---- ---- .95 .94 .94 .92
1.01 .94 l:g .94 1.01 .94 .8g .94 .88 ●93
.85

●95 ●95 .85 ●95 ●73 ●95 ---- ----
.60

●95 ●59 *95 .60 *95 .60
●95 ●60 ●95

~ = 1.41;configurationlE

---- ---- ----

1.07 0.94
1.02 .94
●85 ●95
.60

●95

1.09
1.07
.8s’
.60

I1.07 0.91
---- ----
1.01 *93
●77 ●93
.52 *95

----

0.94
.94
●95
.95

0.93
;;:

.95

.95

1.08

_LL

1.07 0.91 ---- ----
1.07 1.04 .93 1.04 0.89
1.02 1.01 .94 1.02 .91
g *73 ●95 ●73 ●95

.60 .95 .60
●95

MO= 1.41;configurationlG

---- ----

1.07 0.92
1.01 ●93
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TAELEII.- MASS-FLOWRA!IIOSANDPRESSURERECOVIHItES

CORRESPONDINGTO DATAPOINTSINFIGURES6 TO 12

AND16!ro18 - Cmttiued

a= 0° I aa5° a = 10° a = l~”tl-a= -5°
symbol

m/Q ~/& m/~ E/Ho n/mo E/Ho

MO = 1*41 configurateionIH

lT

1.08 0.93 1.06
1.05 ●93 ----
.97 ●94 ●97

●95 ●B
:$ ●95 ●57

0.92
●93
●94
●95
●95

0
•1
o
Av

1.04
.96
----
.84
● 57

1.o8
1.05
997

:$

0.92
----
.94
●95
*95

O.go
●93
----
.94
●95I

---- ----

1.08 0.93
1.05 ●93
.84 .%
●57 *95

~ = 1.41;configuration2B

I. ----

1.07
1.04
.84
.52

I I I 1 I I---- ---- ---- ---- ---- ---- ---- ----

1.03
1.01
.83
.52

----

O*89
●9O
.94
●95

0.92
.92
.94
●95

1.07 0.91
1.04 .92
.84 ●95
.52

●95

1.07
1.04
.84
.51

0.92 1.05
.92 1.03
.94 .84
●95 .52

0.91
.92
.*
●95

MO=I.81;configurationM
: 1.02 0.67 1.03 0.67 1.03 0.67 1.01 0.65 ---- ----

1.01
~ ---- x !:!??-::! :::? -:?: -:?? x !?:? !!:?!

v .76.80 .76 .80 .75
.46 .80 .46 .80 .46

“75 “80 ●75 ●79
% .45 .80 .46 .&l

~ = 1.81;configurationlC

ToEl 1.16
----

0 1.10
A .92
v .46

0.75
----
.79
.E!Q
.&l

----

1.16
1.10
J&

1.12
1.08
1.02
.76
.46

0.71
.77
.78
.80
.80

----

0.98
----
:$

----

0.75
----
“79
.80

----

o.~
.78
■79
.80

1.17 0.77
1.10 “79
.91 .80
.46 .eo

I

+
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TABLEII.- MASS-FIOWRATIOSANDPRESSURERECOVERIES

CORRESPONDINGTODATAPOINTSINFIGURES6 TU12

AND1..6TO18 - Concluded

a = -5° a=o” a= 5° a= 10° a= l~o
Symbol

m/~ fi~ mj~ E& m/~ ~/H. m/Q E/~ ~m/~ ~/H.

~ = 1.81;configurationI-E

o ----------------------------------------El ------------------------1.13 0.75 1.09 0.72
0 1.17 O*79 1*17 O*79 1.17 0.78 ---- ---- 1.05 .74
A .91 .& .91 *79 .91 .&l .76 .80

.46 .80
.74 .78

v .46 .80 .46 .&) ●46 .eo .46 ●79

~ = 1.81;configurationlG

o ---- ---- 1.13 0.73 ---- ---- ---- ---- ---- ----
❑ 1.12 0.76 1.09 .78 1.12 0.75 1.07 0.73 1.01 0.71
0 1.09 ;~8 1.02 .79 1.09 .~ 1.03 .75 *99 .72
A .91 .91 .80 .91 ●79 :2 ●79 .87 :g
v .46 .83 .46 .80 .46 .eo ●E!O .46

%= 1.81j configurationIE

o
•1

---- ---- ---- ---- ---- ---- ---- ---- ---- ----
1.17 0.77 1.16 0.78 1.16 0.7”71.15 0.76 1.10 0973

0 1.10 .79 1.10 ●79 1.10 ●79 1.09 .78 1.06 .76
A ●91 .80 .91 .* ●91 ;: .91 .80 .90

●79
v .46 .80 .45 .&l .45 .45 .80 .46 .80

MO= 1.81;configuration2B

o --------------------------------u 1.06 0.67
1.13 0.77 1*15 0.77 1.13 0.76 1.11 0.75 ---- ----

0 1.09 .78 1o11 .78 1.09 .78 1.09 .77 1.04 .71
A .85 .&) .87 .&l .85 .80 .* .eo ;$11 .78
v .45 .80 .47 ●EKI .45 .@ *45 .&) .80
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Figure 3.- Photographsofmodels.
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Longitudinal statlan, ~

(a)ConfigurationlA;M. = 1.41.

Figure6.-Pressurecoefficientsintheangle-of-attackplanealongthe
topsoftheforebodes.
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(c) a = 10°;M. = 1.41.
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